l y t i q u e s o n t e t e e t u d i e e s . Les r e s u l t a t s demontrent des p o s s i b i l i t e s prometteuses.

A b s t r a c t -T h i n c r y o s e c t i o n s of doped albumin were analysed by l a s e r m i c r oprobe mass a n a l y s i s (LAMMA). Several a n a l y t i c a l c h a r a c t e r i s t i c s o f t h i s t y p e o f standard m a t e r i a l were s t u d i e d t o e v a l u a t e i t s general use f o r m u l t i -e l e m e n t c a l i b r a t i o n i n LAMMA-analysis o f b i o l o g i c a l samples. R e s u l t s show promising p o s s i b i 1 i t i e s .
Laser microprobe mass a n a l y s i s (LAMMA) p r o v i d e s a method capable o f d e t e c t i n g e l ements a t t h e s u b c e l l u l a r l e v e l i n t h i n h i s t o l o g i c a l s e c t i o n s . I n t h i s way, q u a l i t at i v e a n d a l s o s e m i -q u a n t i t a t i v e i n f o r m a t i o n about t h e i n o r g a n i c c o n s t i t u e n t s o f m i c r o volumes (about 1 c u b i c m i c r o n ) can be o b t a i n e d w i t h a r e l a t i v e d e t e c t i o n l i m i t i n the ppm range, p a r t i c u l a r l y f o r elements w i t h a low f i r s t i o n i s a t i o n p o t e n t i a l , as i s t h e case f o r most p h y s i o l o g i c a l l y i m p o r t a n t c a t i o n s . To g a i n r e l i a b l e i n f o r m a t i o n about t h e d i s t r i b u t i o n and c o n c e n t r a t i o n o f e l e c t r o l y t e s i n t h e i n t r a c e l l u l a r compartments t h e momentary biochemical, p h y s i o l o g i c a l and morphological s t a t e has t o be preserved. Methods o f r a p i d f r e e z i n g o f t h e t i s s u e , d r y s e c t i o n i n g i n t h e f r o z e n s t a t e followed by f r e e z e -d r y i n g and vapour f i x a t i o n /1/ meet these demands. It i s a l s o i m p o r t a n t t o have a s e t o f elemental standards t h a t a r e simple t o prepare, have a m a t r i x t h a t approximates t h a t o f b i o l o g i c a l t i s s u e and a r e homogeneous a t t h e s p a t i a l r e s o l u t i o n l e v e l o f t h e LAMMA-technique, Besides f o r t h e a n a l y s i s o f b i o l og i c a l samples, t h e y can a l s o be used as simple model systems t o s t u d y t h e general a n a l y t i c a l f e a t u r e s o f t h e LAMMA l a s e r microprobe. W i t h t h i s aim i n mind, we have prepared t h i n c r y o s e c t i o n s o f albumin coagulates c o n t a i n i n g up t o t e n elements. Proteinaceous standards, made up by d i s s o l v i n g mineral s a l t s i n an o r g a n i c m a t r i x , e.g. g e l a t i n and albumin, have been i n v e s t i g a t e d f o r s o f t t i s s u e research by e l e c t r o n probe X-ray m i c r o a n a l y s i s /2-5/ and secondary i o n mass spectrometry / 6 , 7 / .
Edelmann / 8 / a p p l i e d LAMMA t o s e c t i o n s o f g e l a t i n doped w i t h t h e a l k a l i metals. I n t h i s paper, we d e s c r i b e t h e f i r s t r e s u l t s on doped albumin as a c a l i b r a t i o n a i d f o r LAMMA m i c r o a n a l y s i s of elements b e l o n g i n g t o d i f f e r e n t chemical groups. JOURNAL DE PHYSIQUE Cryoultramicrotomy Some coagulated albumin was placed onto a s i l v e r p i n and q u i c k l y frozen i n n i t r o g e n slush a t a temperature o f -210°C.
Thin sections (100 nm) were c u t on a LKB U l t r otome I 1 1 equipped w i t h a LKB C r y o k i t a t a specimen and k n i f e temperature o f -lOO°C. The sections were c o l l e c t e d dry, caught onto Formvar-coated copper f i n d e r g r i d s , and f l a t t e n e d i n t h e cryochamber. The sections were allowed t o reach room temperature and analysed as soon as possible i n t h e LAMMA-instrument.
Bulk analysis
To determine t h e f i n a l elemental concentrations, we a p p l i e d energy-dispersive X-ray fluorescence a n a l y s i s using Mo e x c i t a t i o n . The coagulated albumine was l y o p h i l i z e d , powdehed and pressed i n t o a p e l l e t onto a mylar f o i l ensuring a load o f about 10 mg/cm . A data reduction r o u t i n e / 9 / d i r e c t l y del ivered corrected elemental conc e n t r a t i o n values, expressed i n ppm by weight.
Microanalysis
R The LAMMA-500 instrument o f Leybold-Heraeus (K6l n, F.R. Germany) was used. The p r i n c i p l e s , advantages and drawbacks, and several a p p l i c a t i o n s o f the LAMMA-technique are described i n recent l i t e r a t u r e /10,11/.
Transmission e l e c t r o n microscopy (TEM)
A l l TEM experiments were performed on a JEOL 100 B apparatus a t 80 kV. TEM was used t o monitor section q u a l i t y and t o measure the dimensions o f t h e l a s e r induced p e r f o r a t i o n s , whose mean diameter ranged from 1.5 vm t o about 3 pm under normal working conditions.
RESULTS AND DISCUSSION
I CHANNEL NUMBER (X10)
I Q u a l i t a t i v e aspect
For standard A most o f the doped elements could r e a d i l y be seen i n t h e LAMMA mass spectra, except Ni, and Pb which merely r e s u l t e d i n a f a i n t signal. For La, t h e i n t e n s i t y o f Lao+ (m/z = 155) was f a r more important than La+ (m/z = 139). For standard B a l l the added elements could be detected (see e.g. the top spectrum o f Influence o f l a s e r power on r e l a t i v e elemental s e n s i t i v i t y
The r e l a t i v e s e n s i t i v i t y c o e f f i c i e n t s (RSC), normalized t o ~r + , which y i e l d s a f a i rl y reproducible signal, are represented i n Fig. 2 as a f u n c t i o n o f t h e l a s e r power.
Influence o f metal c o a t i n g on r e l a t i v e elemental s e n s i t i v i t y I n order t o i n v e s t i g a t e t h e i n f l u e n c e o f a metal c o a t i n g on t h e elemental RSC-values f o r t h i s type o f standard, LAMMA-analysis r e s u l t s o f t h e same section were compared before and a f t e r coating w i t h Pt/C. Fig. 1 and Fig.4 express the r e s u l t s obtained.
The metal coating appears t o induce a t y p i c a l t a i l i n g e f f e c t on t h e Ca peak (Fig.1  bottom) . By metal coating, t h e r e l a t i v e s e n s i t i v i t y i s increased markedly f o r Rb and Cs ( a l s o f o r Na and K), b u t n o t f o r the t r a n s i t i o n metals (Fig.4) . The i n t e n s i - I t appears t h a t the a l k a l i metals are much more s e n s i t i v e than the a l k a l i n e earths and t h e t r a n s it i o n metals. Other general trends can be des- Loser Energy (7. 1niti.1 Volue)
